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ABSTRACT
In this research on individual differences in thought

processes, the primary interest was to study the process followed by
the subject in order to reach the solution of the problem. For this
purpose, the performance of 38 experimental subjects was studied
throughout 24 problems of the training sessions. The methods used
were group norms, length of plateaux calculated from the schemata
norms, and performance curves based on group norms and on schemata
norms. The second aim of the research was to study the individual
differences in the process of solving a problem between subjects with
training and subjects without training. The performances of 38
experimental subjects were compared with the performances of 38
control subjects individually matched before the experiment. These
comparisons were made on the basis of 12 problems, 3 pretesting and 9
posttesting. The methods used to measure their performance were
schemata norms, length of plateaux, individual performance curves
based on schemata norms, and convex sets based on schemata norms. The
third aim of the research was to study whether the educational level
had an influence on the process followed by a subject in order to
solve this type of problem. Results of the first study showed that
the main effect schemata and the main effect content are
statistically significant, as is the interaction between schemata and
content. Schemata norms give more useful information about the
problem-solving process followed. The second study results were that
experimental subjects show a "better" performance than control
subjects. The third study showed that the college student's process
is always better than that of the high school student. The length of
plateaux is shown to be a good measure in the characterization of
process. (Author/DB)
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CHAPTER I

INTRODUCTION

Most of the studies to appraise individual differences using
mental tests have been concerned with the development of group norms. Con-
clusions about an individual were attempted by reference to these norms
or other statistics which by definition are based on averages for the group.
The analysis of test results often pivots on the properties of responses
to items that are classified as correct or incorrect.

In several studies (Rimoldi, Devane, 1961; Rimoldi, Meyer, Meyer,
Fogliatto, 1962; Rimoldi, Haley, eogliatto, 1962; Fogliatto, 1962; Rimoldi,
Fogliatto, Haley, Reyes, Erdmann, Zacharias, 1962) it was found: 1; that
the process employed in solving a problem cannot be characterized only by
the final answer, 2) that by using group norms we may be unnecessarily
eliminating important individual differences. These studies presented
ways of preparing problems to appraise thinking ability.

In a recently published study (Rimoldi, Haley, Fogliatto, Erdmann,
1963) it was reported that it is important for the experimenter to be able
to control the schemata of the problems as well as their content (see pro-
cedure). This made possible the development of new ways of scoring these
problems. Being able to control the schemata and the content, it is poss-
ible to score individuals in relation to these. A comparison, then, can
be made between the performance of an individual score in terms of schemata
and content as well as in terms of the norms established by the group.
This has been one of the problems investigated in this dissertation.*

In previous, research (Rimoldi, Devanc, 1961; Rimoldi, Fogliatto,
Haley, Reyes, Erdmann, Zacharias, 1962) it was found that training in
problem solving improves the thinking process. In solving the problems,
experimental subjects used fewer questions than the controls. More agree-
ment was observed among the experimental subjects than among the control
subjects as to the questions selected in order to solve the problems.
The second problem undertaken in this research has been an investigation
of the differences in thc problem solving process between each experi-
mental subject and the corresponding control subject who were matched
according to specific criteria before thc experiment.

In the study "Training in Problem Solving" (Rimoldi, Fogliatto,
Haley, Reyes, Erdmann, Zacharias, 1962) it was reportc2: 1) that college
students as a group select fewer questions in order to solve a problem
than the high school students, 2) that thc college group improves more

* This research is a systematic exploration of issues raised by 1revious
research (Rimoldi, Fogliatto, Haley, Reyes, Erdmann, Zacharias, 1962).
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under training than the high school group. f. third problem investigated
in this research was the importance of the educational level as a factor
in T.roblem solving perfomance.

Summarizing, the three main purT)osus of this research are: 1)
To evaluate group performance versus performance norms based on the prop
erties of the problem as well as the interaction of schemata and content.
2) To study individual performance by comiaring the process of subjects
with training to subjects without training individually matched before the
experiment. 3) To investigate the effect that a particular educational
level has on the performance of these problems.



CHAPTER II

REVIEW OF RELATED RESEARCH

A. Definition and classification of Problem Solving.

Sincc the early contribution of Wertheimer (1945) a number of
studies have been published in this area.

Wertheimer considers the distinction between productive and re-
productive thinking as most important when viewing work of an academic
nature. In a problem situation there is a goal, obstacles to reaching
the goal, and no clear perception of the means of obtaining it. Wertheimer
presented his problems to children and adults. His contribution is the
first study of the thought rrocess that develops its conclusions from
concrete examples. His approach differs from the present study. He presents
a qualitative evaluation of the thought process. The present study is an
attempt to evaluate quantitatively individual differences in thought pro-
cesses.

According to Duncan (1959) thinking is most frequently defined
as the integration and organization of past experience, while problem
solving is defined as the discovery of correct response. Problem solving
is considered to be fairly high on the discovery dimcnsion, and this will
be the distinction of problem solving from conditioning and rote learning,
which are presumed to involve relatively little response discovery.

Underwood (1952) presents three methods for determining the
amount of overlap between conditioning and thinking.

Bloom and Broder (1950) describe the difficulties of attempting
to discover the nature of mental processes through retrospection, intro-
spection, or the construction of test situations in which each of a variety
of methods of attack would be reflected by a different solution. They
classified the students as successful or unsuccessful according to their
aptitude scores and marks on comprehensive examinations. The successful
problem solver showed greater ability to understand the nature of the
problem and to attack it in its own terms. The unsuccessful problem
solvers showcd lack of comprehension of direction and often presented
solution of a problem other than the one that was expected.

Bruner, Goodnow, and Austin (1956) described classes of equiv-
alence categories. "Functional categories" include at least those prob-
lem solving tasks where the subjects must categorize an object as fitting
r. certain function. They also suggcst that defining attributes arc some-
times combined to create either new or empty categories, and that those

-3-
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types of combination often occur in problem solving. They attempt to
relate two major areas of thinking research, i.e., problem solving and
concept formation.

Tate, Stanier and Harootunian (1959) classified students as
good and poor problem solvers using as criteria their performance in a
battery of tests, one of which was the "Thought Problems", a test that
was especially prepared for that study. They concluded that the "good
problem solvers are significantly better than the poor in nearly all tests
where quality of response, accuracy, or judgment is required; and that,
without exception, the more complex the task or the more restricted the
requirements, the greater their superiority."

In the present study no attempt has been made to categorize the
problem solvers. The Thought Problems have been used here for matching
purposes. Individual differences has been evaluated using a different
approach.

B. Training in problem solving,

A considerable number of studies have discussed ways of train-
ing people in problem solving tasks. Adams (1954) has found that a group
of subjects trained on repeated presentations of the same problem weic
more efficient in solving new problems of the same class than a group
trained on a number of different problems. Harlow (1949) held that train-
ing on a number of different problems will develop now ideas in the way
of how problems should be attacked. This means that such a training will
help the subject in the new situation.

Schroder and Rotter (1952) used a card sorting task with four
groups of subjects and they altered the training in "the expectancy of
change" given from group to group. According to the authors it is the
training in "expectancy of change" which is required, and no training in
a single solution that will solve the problem in thc present situation.

Duncker (1945) conducted a study with educated adults. They
were presented with arithmetic and geometric problems. In solving the
problems thc subjects had to analyze what was given and what was requir-
ed. The process of solving a problem consisted in the generation and
testing of hypotheses. Past experience plays an important role in the
solving of new problems. The inability to use: an objcct for a strange
purpose in a given situation may be due to the previous use made of that
object. Previous experience can have a negative effect when new problem
situations are: faced. Birch and Rabinowitz (1951) have also showed this
effect and Adamson (1952) repeated three of Duncker's experiments with
the same results.
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Parnes and Meadow (1960) compared experimental subjects with
control subjects matched for vocabulary ability on six creative ability
tests. They reported differences statistically significant. The in-
crensc, of productivity in the creative thinking process produced by the
creative problem-solving course persisted for a period of at least eight
months after the completion of the course.

Sommer-(1960) reported a study with two groups of subjects. The
experimental group received, before the experiment, correct solutions to
problems involving the same principle as those in the experimental situa-
tion. The results showed: 1)wide differences between the two groups on
the process leading to the solution; 2) once the solution to a problem
has been experienced, it exerts a profound influence on the approach to
similar problems; and 3) the use of a learned principle becomes more diff-
icult if the problem is presented in a confusing manner. Blumenfeld (1956)
reported two studies using geometrical theorms in which he changed the
orientation and the figure. Buswell (1956) attempted to define common
patterns in the solution of problems. The subjects were asked to discover
a rule for arriving at the solution of an addition problem without the
use of simple addition. The subjects found the problem very difficult
and the results indicated more diversity than similarity in the problem
solving approach. When the effect of training was tested in similar
problems, about half of the subjects showed transfer.

In a study with high school students Rimoldi and Devane (1961)
found that the experimental subjects - the group of subjects who went
through a training period in problem solving - had a greater gain in mathe-
matics grades than the control subjects.

A recent publication by Rimoldi, Fogliatto, Haley, Reyes, Erdmann,
and Zacharias (1962) reported a research conducted with high school and
college students. The design of the experiment permitted the testing of
the influence that training in one type of problems would have on another
type of problems. Transfer of training was found. It was also found that
the subjccts with training in problem solving use fewer questions and show
more agreement among themselves as to which question they should ask in.
order to solve the problem than the control subjects. Similar results
were also found when the trained subjects were introduced to new problems.

The experiments described in the previous paragraphs have dealt
with the effect of prior experience. It has been demonstrated that train-
ing in a particular type of problems leads to maximum efficiency.as long
as the problem requires a similar solution. When different kinds of
problems have to be faced, a wider training with emphasis on the need for
change seems to be advisable. In the present research the effect of train-
ing has been studiec: at the individual level both in problems that require
a similar sclution and in completely different problems.
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C. Presentation of the problems.

A number of studies have been reported in which the same problem
has been presented under different modes or appearances. Many problems
have bean presented in either symbolic (r concrete form with various degrees
in between. Several studies have found no effect of varying concreteness
on the problem. Saugstad (1957) in a repetition of Maier's experiment
found that the miniature scale model did not call more attention to ceiling
than the real presentation of the two pendulum problems. The same was re-
ported by Lorge, Tuckman, Aikman, Spiegel, and Moss (1955a, 1955b) when
they used the mined road problem at seven levels of reality (verbal, photo-
graphic, miniature scale mode) or real oresentation, or various amounts of
manipulation of the scale and real veL-sions).

On the other hand contrary results have been reported. Cobb and
Brenneise ().952) reported that "anchor real and extension solution of the
two-string problem" decreased as concreteness decreases over four steps.
Gibb (1956) testee children in subtraction problems with three degrees of
concreteness. he found significant differences and no interaction. Rimoldi,
Fogliatto, Haley, Reyes, Erdmann, Zacharias (1962) have reported a signifi-
cant interaction (schemata-content) using problems with three different
schemata and four contents for each one of thcm. In the present project,
problems with three degrees of complexity and four degrees of concreteness
has been studied.

D. The importance of age in problem solving.

Several studies have reported that age is an important variable
in most types of problem solving. Sato (1953) working with children and
adults had found that the former were more affected by the amount of train-
ing than by the difficulty level of the problems, while the reverse was
true for adults. Hunter (1957) rcported that 16 year olds did better than
11 year olds on his syllogistic -like problems. Moraes (1954) found diff-
erent patterns of thinking among school children of different ages on
arithmetic reasoning problems. Rimoldi, Fogliatto, Haley, Reyes, Erdmann,
Zacharias (1962) found that college freshmen use fewer questions in order
to solve a problem than do high school freshmen. It was also found that
the college students as a group improve more under training than high
school students. In the present study the importance of educational level
has been investigated using high school freshmen and college freshmen
as subjects.

Rimoldi, Meyer, Meyer, Fogliatto (1962) report a research with
graduate students (from 23 to 40 years old) in which the description and
analysis of the sequential organization of complex process was studied
(i, e., problem solving) and also hew these change from early life to old
age. New research, not yet reported, has made use of information theory
in which a series of problems have been administered to subjects of varied
age level (from 11 to 80 years old). Tentative results indicate that un-
certainty in problem solving decreases with chronological age to the young
adult level and then gradually increases.
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E. Methodology.

Johnson (1955) discussed three techniques for the analysis of
individual differences in thought processes. 1) comparison of groups (in
respect to age, ::ex,eduaation, or ways of attacking the problem). 2)

correlational analysis (the time of solution, number of responses, number
of right answers). 3) factor analysis.

A technique similar to the one to be used in this study was de-
vised by Bryan (1954) for evaluating electronic trouble shooting. Glaser,
Damrin, and Gardner, (1954) Trescnted a similar technique, the Tab Item
Technique, which was also used in electronic trouble shooting. John and
Rimoldi (1955) and John (1957) studied the sequenial properties of com-
plex reasoning by means of the Problem. Solving and Information Apparatus.
This apparatus may be useful in studying certain phases of abstract reason-
ing, but cannot be used in a variety of situations where less abstract
problems are examined.

The technique used in this study was devised by Rimoldi (1955).
The technique was first applied to study mental processes in medical stu-
dents. A series of studies related to this approach have been published
by the Loyola Psychometric Laboratory over a period of several years
(Rimoldi, 1960, Rimoldi, 1961, Rimoldi, Devanc, and Haley, 1961). A final
report by Rimoldi, Haley, Fcgliatto (1962) summarized the Qhole work.
This approach has been applied to other areas than medicine (Tabor, 1959,
Mohrbacher, 1960, Gunn, 1961, Rimoldi, Meyer, Meyer, Fogliatto, 1962,
Fogliatto, 1962). The same technique has been used to evaluate the effect
of training in high school students (Rimoldi and Devine, 1961) and in
high school and college students (Rimoldi, Fogliatto, Haley, Reyes,
Erdmann, and Zacharias, 1962).

The studies described in the previous paragraphs deal with
evaluation of the subjects' performances using group norms. In the pre-
sent research the performance of the subjects in problem solving has
also been studied using schemata norms as described by Rimoldi, Haley,
Fcgliatto, Erdmann, 1963).



CHAPTER III

PROCEDURE

A. Design of the experiment:

1. Pre-testing sessions: every subject whether control or ex-
perimental received at tha beginning of the experiment 3 problems of type
c. (see problems).

2. Training Sessions: the experimental subjects (high school
and college) completed at least 24 problems - 12 of type a and 12 of type
b. (see problems).

3. Post-testing sessions: every subjcct whether control or ex-
perimental received at the end of the experiment:

a) the same 3 problems of type c that were administered at the
beginning.
b) 2 problems of typc a similar to the ones used in training
sessions.
c) 2 problems of type b similar to the ones used in the train-
ing sessions.
d) 2 new problems completely different from the ones used in
the training sessions (1 of typc a and 1 of type c).

B. Subjects:

The subjects used in this study consist of a group of 38 experi-
mental subjects (19 male high school and 19 male college freshmen) and 38
control subjects (19 male high school and 19 male college freshmen).

1. The high school subjects were "elected among the freshmen
of St. Ignatius High School, Chicago, Illinois, if they had an I.Q. of
118 or above on the Henmon-Nelson Test of Nental Abilities. On this basis
seventy students were selected. The Raven's Progressive Matrices Tests
and Thought Problems, Part 1, were administered to ali of them. Nineteen
experimental-control pairs were selected and each pair matched for I.Q.
and for the score on the Raven Progressive Matrices Test. The subjccts
after being matched were randomly assigned to be a control or experimen-
tal subject.

2. For the college subjects, 50 were selected among the fresh-
men of Loyola University College of Arts and Sciences. The Raven Progress-
ive Tests and Thought Problems, Part I, were administered to all of them.
Using their scores on these two tests, 19 experimental-control pairs
were selected. Each member of the pair was randomly assigned to be an
experimental or control subject. For the college students, it was not
possible to match them according to I.Q. because school rccords could not
easily be compared.

-8-
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The Mean, Standard Deviations and Number of Subjects for the
I.Q.'s, the Raven's Progressive Matrices Tests, and the Thought Problems,
Part I, are presented in Table I.

Table 2 presents the correlation for the matched pairs.
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TABLE I

MEAN, STANDARD DEVIATION AND NUMBER OF SUBJECTS FOR RAVEN,
I. Q, AND THOUGHT PROBLEMS, PART I, FOR HIGH SCHOOL AND

COLLEGE STUDENTS.

HIGH SCHOOL COLLEGE

TESTS CONTROL EXPERIMENTAL CONTROL EXPERIMENTAL

M CY N M a N ii CY N M CY N

RAVEN 49.74 4.26 19 48.84 4.25 19 51.84 5.01 19 52.53 4.49 19

I.Q. 125.21 7.30 19 125.68 7.38 19

THOUGHT 11.29 3.39 19 11.91 3.99 19 13.24 3.56 19 13.67 3.40 19

PROBLEM I.

TABLE 2

MATCHED PAIR CORRELATIONS FOR HIGH SCHOOL AND COLLEGE STUDENTS

HIGH SCHOOL RAVEN TEST 94

N. L S ON I Q 98

COLLEGE RAVEN TEST 89

THOUGHT PROBLEM, PART I 82



C. Problems:

Three afferent types of problems arc used in this research. Every
problem was individually administered to the subjects in all the sessions.*

1.Problems of type a.

The subjer..:: is presented with a problem and a set of questions from
whir2h he may select as many questions as he wishes and in any order that
he desires. Each question is presented on a separate card. The answers
are presented on the reverse side of the cards. When the subject thinks
he has enough information, he stops selecting questions and gives his
answer. He records the, questions that he has asked in the corresponding
order as well as the answer.

Problems of type a nre problems 31, 33, and 35. The numbers refer
to degrees of complexity in the schemata.

For problems 31 the schemata can be represented as a tree

D
...---

.- B
B ..-"-

D..,,

E
//e C

A A
NN...,, ,,,,,,.D N., ,.,,,B

C E
-....,E --,.,,

C

FIGURE I

or a fourfold table with degrees of freedom

B C

E

A

FIGURE 2

* For a complete description of the problems found in th:;.s research re-
fer to publication "Training in Problem Solving" (Rimoldi, Fogliatto,
-.1aley,ReyesArdmann and Zacharia, 1962)
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For problems 35 as
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C

D

F

F G

Each of these problems has four forms. In form A the problem is pre-
sented in a concrete way. Form B is an abstract presentation of the problem.
Form C is a negative presentation of the problem. In form D the answers
are given in letters instead of using numbers as in forms A, B, and C.
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At least 12 problems of type a were completed by the experimental
subjects during the training sessions. In the post-testing sessions the
2 problems of type a were: 31D' and 35B'. They have the same schemata as
31 and 35 and the content of form D and B respectively.

A new problem of type a wns also used in the post-testing sessions;
this is prolem 41A. The schemata can be represt_nted as a matrix.

N B

Initiate
E
FS
G
H

Receive

N S

0 10

0

1
0 2

I 0 1 + 1

0 0
0 0

1 2 2 1 1 0 1 57--T

FIGURE 5

2. Problems of type b

In problems of type b the subject is presented with a drawing; he
has to identify an area pre-selected by the experimenter. In this type of
problem, the subject generates his own questions. After asking several
questions, the subject will understand the principle involved in the prob-
lem, then he will indicate his solution for the prc-selected area. As in
the case of problems of type a, he will record the questions he has asked
is the order that he has asked them and record the answer upon which he
has decided.

Problems of type b are problems 32, 34 and 36. Each one of these
problems has a different figure. For every figure four different forms
(A, B, C, and D) were developed. Form A is the most simple and form D
the most complex with two degrees of complexity in between B, and C,.
Every subject in the experimental group completed at least 12 problems
of type b. In the post-testing sessions, 2 problems of type b were ad-
ministered (32F and 36F). They have the same figure as problems 32 and
36 respectively. Nevertheless, for problem 32F the principle involved
was varied. When problem 32 was used in the training sessions, the under-
lying rationnle was a series of letters or numbers of combinations of both



-14-

following a horizontal pattern. In problem 32F a series of numbers was
used but followed a vertical pattern. For problem 36F the same figure acid
content as the one used in the training sessions was kept.

3. Problems of type c.*

In problems of type c the subject is presented with a problem and
a set of questions, or a figure and a set of questions. The subject
proceeds in the same way as in problem of type a. Problems of type c are
problems 1, 19, and 25 which were used in the prc and post-testing sessions
and problem 26 which was used only in the post-testing sessions. Problems
1 and 25 are figure problems and problems 19 and 26 are word problems.

D. Methodology.

1.Scoring methods:

a) Group Norms:

The subjects were scored in terms of group norms using a technique
devised by Rimoldi (1960). This technique utilizeL% the frequency of
selection of a specific question in a particular order. These frequenetez
arc converted to proportions to indicate the percentage of the total group
that respond using a specific question in that order. In order to score
a subject the proportion corresponding to every question asked is accumu-
lated in the corresponding order. This gives the observed score (0).

Proportions for every card in every possible order are also com-
puted on the basis of randomness. By subtracting these proportions (E)
based on randomness from the observed (0) proportions a table of (0-E)
is computed. Using these proportions, it is possible to obtain a (0-E)
score for every subject by accumulating the (0.E) proportions correspond-
ing to any questions he asked in the corresponding order.

With these norms every experimental subject was scored in all the
problems of the training sessions.

b) Schemata NorMs:
Problems of type a:

A scoring method described by Rimoldi, Haley, Fogliatto and Erdmann
(1963) was used for problems of type a in order to score the subjects in

Iterms of schemata norms. This technique is based on the properties of the
problems. This means that the frequency of selection of each question in

* These problems were available at the Loyola Psychometric Laboratory
from previous research (Cooperative Research Projcct No. 1015)
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a particular order is established in terms of the sequence of logical re
lationships involved. As in the previous method these frequenci...s are
converted to proportions to indreete the percz.ntage of the i:ntal poseiLle
selections (as indicated by tne schemata) for that specific locutions in
that particular order.

This gives a table of observed proportions (Os). A table (0s-E)
proportions is also computed. The procedure for scoring the subjects is
similar to the one used with group norms.

The experimental subjects were scored using these norms on the 12
problems of the tre4ning sessions end on tie 3 ^roblema of the pe-st-
testing sessions. the contro: subjects were scored on the 3 prlblems of
the. post-testing sessions.

Problems of type

For this type of 1-7oblou there 71,) or-- established se;J:nce of
questions to be asked in oraer to solve the problem. The subjects originate
their own questions. They can start asking about the areas in any order
they want or according to some possible sequence that they may discover
by inspection of the figure. For example, some figurs have lines of
different colors or of different kinds (straight, curved, dotted, etc.)
or a combination of both. This could sugg ..st to the subject that there is
some relationship between the color and kind of lines and the answer to
the problem. Nevertheless, this does not ah.oys happen. Problem 32
(A, 3, C, D) have different kinds of lines :lid the rationale involved has
nothing to do with it. In problem 34 (A, B, C, D)diffcrent color aed kind
of lines were used and the answer depends only upon the color. Problez
36 (A, B, C, D) has the same figure with different colors and kinds of
lines. In form A only the colors are important, for form B the answer
depends only on the kinds of lines and in forms C and D the answers depeni
upon the colors and kinds of lines. This means that tea l subject shJold
try different approaches before finding tie. solution. It is not possible
to say that one approach is better than the othPrs. But, it is possible
to limit the number of questions that are necessary in order to solve the
problem. On this basis the so called "schemed norms" hav?. been eevelopei
for every problem of type b. Using this app::oach the subjects will ree-tive
a score on eeeh question asked until he compe'.:es the necessary number of
queLti-ns needed to solve a problem. After that for every question he
asks, he will receive a score of zero. This means that when the per-
formance curves are plotted, the plateau will be always found at the end
of the curve. Using a similar approach as on problems of type a (0 )

s
and (Os-E) scot-es is given to each subject.

The score obtained by accumulating the proportions for all the
questions necessary in order to solve the problem (provided that the
subject has asked at 1:est the minimum number) is divided by the total
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number of questions asked. If the subject asks less than the required
number of questions, he will receive a score for every question he has
asked; but, in order to find his final score the cumulative sum of scores
will be divided by the specified number of questions.

Using this approach every experimental subject has been scored on
every one of the 12 problems used in the training sessions and on the 2
problems of the post-testing sessions. The control subjects have been
scored on the 2 problems of the post-testing sessions.

Problems of type c:

The schemata norms for the problems of type c are based on the
principle of the process of elimination. This means that the question that
eliminates the largest number of areas (in the case of a figure) or poss-
ible answers (where it applies in the case of a word problem) should bu
asked first. The question eliminating the next largest number of areas
or answers should be chosen second, and so on until the final solution is
reached. After the sequence has been developed, it is processed the same
as problems of type a.

Every subject whether control or experimental has been scored using
these norms on the 3 problems of the pre-testing sessions and on the 4
problems of the post-testing sessions.

2. Performance curves:

Thrn performance curves indicate the subject's approach to the
problem. They are obtained by plotting the score of the subjects at each
step. The way that a subject has attacked the problem can be compared
with the tactic used by another subject. It is possible to compare the
tactic of a control subject with the tactic uscd by his corresponding
matched experimental subject. It is also possible to sue the tactics that
an experimental subject has followed throughout the tests in the training
sessions.

Performance 'curves have been drawn for every control and experLiental
pair using schemata norms in the problems of the pre and post-testing
sessions. (Thu performance curves of a control - experimental pair arc pre-
sented in figures 26 to 33 inclusive).

For the experimental subjects performance curves have been drawn
using both schemata and group norms for every problem of the training
sessions.

Figures 14 to 25 present the performance curves for an experimen-
tal subject throughout all the problems of the training sessions in the
order that he has received them.
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When group norms are used for drawing the performance curves, they
will always show an increment on the curve because the scores are accumu-
lated. Nevertheless, the degree of increment will depend on the group,
that is, a question that has been selected by a larger number of subjects
in the group will have a very high score and consequently th3 performance
curve will show a large increment at that point. By the same token a
card that has been selected by just one subject in the group will have a
very small value even if the question is a very useful one.

When the performance curves are based on schemata norms, the curve
will not always show an increment. There will ba moments when the sub-
ject had selected a useless question and no increase will be shown on the
curve. These plateaux can appear at any moment on the curve for problems
of type a and c (See figures 26, 28, 29 and 33). For problems of type
b, by the way that schemata norms have been defined, these plateaux will
always appear at the end of the curve (See figures 31 and 32).

3. Convex sets:

The convex sets are obtained by plotting for every subject the
(Os) score on the abscissa and the (05-E) score on the ordinate (Rimoldi,
Haley, 1962). Drawing successive lines from one extreme point to another,
a poligonal convex set is defined in such a way that any corner of the
poligonal convex set will represent a sequence followed by a subject;
the other sequences or tactics will fall inside the convex set or on the
boundaries. It is clear; that the convex set corresponding to the tactics
followed by the experimental subjects will not necessarily coincide with
the convex set that emerge from the tactics followed by the control sub-
jects.

Convex sets have been drawn for every problem of the pre and post-
testing sessions using schemata norms.. It is possible to compare the
performance of the control and the experimental subjects, and also to
compare the college with the high school students. The convex sets for
the high school and college students are presented in figures 34 to 57
inclusive. The numbers correspond to a subject who represents a tactic.
The tactic on the boundaries of the convex sets are given at the bottom
of the figures. Notice that the same score can be obtained using different
tactics. But, the reverse does not hold; a tactic will always have the
same score regardless of the subject who worked the problems.



CHAPTER

ANALYSIS OF THE DATA AND FINDINGS

A. Training sessions

1. Experimental subjects
a) Group norms.

The problems used in the training ses .ons arc 31A,B,C,0; 33A,
B,C,D; 35A,B,C,D; 32A, B,C,D; 34h,B,C,D; and MA,B,C,D.

After scoring every experimental subject on all these problems
using group norms analyses of variances were performed separately for high
school and college students as well as for problems of typo a and problems
of type b. Tables 3 and 4 present the results of the analyses of variances
for the high school students in problems of type a and in problems of type
b respectively. Similar analyses of variances were performed for the
college students and the results arc presented on tables 5 and 6.

Of great interest here is to test the effect that the complexity
of the problem represented by the schemata and the effect the familiarity
of the content have on the process of solving these problems. The inter-
action between schemata and content is also of interest.

The "F" ratio for the main effect schemata and for the inter-
action between schemata and content are significant at the .001 level in
all cases. This means that the complexity of the schemata is a signi-
ficant source of variation. The "F" ratio for the main effect content
is significant at the .001 level for the college students in problems of
type c and in problems of type b. For the high school students the: "F"
ratio is significant at the .01 level on problems of type b and not sig-
nificant on problems of type a.

Figures 6 and 7 present the mean of the accumulative score (group
norms) for high school students on problems of type a and on problems
of type b. Similarly, figures 8 and 9 present the mean of the accumula-
tive score for the college students. Inspection of all these figures
show that the interaction between schemata and content is highly sig-
nificant in every case.

-18-
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TABLE 3

ANALYSIS OF VAR L.NCE FOR PROBLEMS OF TYPE a (TRAINING SESSIONS)
ON THE HIGH SCHOOL STUDENTS BASED ON GROUP NORMS.

Source 3um of Squares df
Variance
Esti.nate F

Main Effects:
XXX

Schemata .023285 2 .011642 8.94
Content .003281 3 .001093 1.06
Subjects .017033 18 .000946

Interaction:
Schemata X Content .021671 6 .003611 4.24

XXX

Schemata X Subjects .046894 36 .001302
Content X Subjects .055450 54 .001026

Interaction:
Schemata X Content X Subjects .092113 108 .000852

Total .259727 227

xxx
p 001
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TABLE 4

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE b (TRAINING SESSIONS)
ON THE HIGH SCHOOL STUDENTS BASED ON GROUP NORMS

Source Sum of S uares df
Variance
Estimate

Main Effects:
Schemata .063380 2 .031690 23.81

XXX

Content .008777 3 .002925 5.5,2x
Subjects .151939 18 .008441

Interaction:
Sch?mata X Content .050606 6 .008434 10.06xxx
Schemata X Subjects .047924 36 .0011,31

Content X Subjects .028644 54 .000530

Interaction:
Schemata X Content X Subjects .090540 108 .000838

Total .441810 227

xx
p L. 01

xxx
p 4..001
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TABLE 5

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE a (TRAINING SESSIONS)
ON THE COLLEGE STUDENTS BASED ON GROUP NORMS

Sintre1 Sum of Squares df
Variance
Estimate

Main Effects:
Schemata .147868 2 .073934 48.74

XXX

Content .064169 3 .021389 29.50
XXX

Subjects .035722 18 .001984

Interaction:
Schemata X Content .125846 6 .020974 23.18
Schemata X Subjects .054636 36 .001517
Content X Subjects .039191 54 .000725

Interaction:
Schemata X Content X Subjects .097786 108 .000905

Total .565218 227

xxx
p 4,001
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TABLE 6

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE b (TRAINING SESSIONS)
ON THE COLLEGE STUDENTS BASED ON GROUP NORMS

Solirre SumLnf Spurr R df

Variance
Estimate

xxxMain Effects:
Schemata .029046 2 .014523 24.29
Content .021903 3 .007301 11.52xxx
Subjects .039128 18 .002173

Interaction:
Schemata X Content .057309 6 .009551 22.634xx
Schemata X Subjects .021568 36 .000599
Content X Subjects .034289 54 .000634

Interaction:
Schemata X Content X Subjects .045614 108 .000422

Total .248857 227

xxx
p <.001
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b) Length of plateaux.

Every experimental subject was also scored using schemata norms.
After drawing the performance curves for every subject in every problem
of the training sessions, the lengths of plateaux were calculated. Using
the length of plateaux for every subject in every problem, analyses of
variances were performed separately for high school students and for college
students as well as for problems of type a and problems of type b. Tables
7 and 8 present the results of the analyses of variances for the high
school students, tables 9 and 10 for the-: college students.

For the college students the "F" ratio for the main effect schemata,
the main effect content, and the interaction between schemata and content
are significant at .001 level for problems of type a and for problems of
type b.

For the high school students the "F" ratio for the main effect
schemata and the main effect content are significant at the .001 level for
problems of type a. The "F" ratio for the interaction between schemata
and content is not significant.

For problems of type b with the high school students, the "F"
ratio for the interaction between schemata and content is significant at
the .001 level. The "p" ratio for the main effect schemata is significant
at the ;.05 level while the "F" ratio for the main effect content is not
significant.

Figures 10 and 11 present the mean length of plateaux for high
school students on problem of type a and b respectively. Looking at these
figures it is possible to see that the interaction between schemata and
content is highly significant for problems of type b, but not significant
for problems of type a.

Figures 12 and 13 present the mean length of plateaux for the
college students on problems of type a and b respectively. Inspection of
these figures shows that the interaction between schemata and content is
highly significant for problems of type a and for problems of type b.

In summary, the results of analyses of variance using group norms
and the analyses of variance performed using length of plateaux shows that
the schemata and content as well as the interaction between schemata and
content are significant sources of variation. This is more significant
for the college students.
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TABLE 7

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE a (TRAINING SESSIONS)
ON THE HIGH SCHOOL STUDENTS BASED ON LENGTH OF PLATEAUX

Source Sum of uares (.1.7

Variance
Estimate

Main Effects: xxx
Schemata
Content

295.051

112.574

2

3

147.500

37.525
12.13

xxx
8.71

Subjects 750.333 18 41.685

Interaction:
Schemata X Content 50.413 6 6.402 1.75
Schemata X Subjects '&37.772 36 12.160
Content X Subjects 232.509 54 4.306

Interaction:
Schemata X Content X Subjects 440.755 108 4.811

Total 2319.417 227

xxx
p 4 .001
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TABLE 8

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE b (TRAINING SESSIONS)
ON THE HIGH SCHOOL STUDENTS BASED ON LENGTH OF PLATE.IUX

Source Sum of Squares df Variance
Estimate

Main Effects:
Schemata 402.973 2 201.486 4.79-
Content 78.364 3 26.121 2.36
Subjects 1985.535 18 110.306

Interaction:
Schemata X Content 271.728 6 45,288 4,31xx

X

Schemata X Subjects 1512.858 36 42,023
Content X Subjects 597.552 54 J.1.065

Interaction:
Schemata X Content Subjects 1135.108 108 10.510

Total 5984.118 227

x
p . 05

xxx
p .001
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TABLE 9

ANALYSIS OP ,WIIANCE FOR rROBLEMS OF TYPE a (TR,JNING SESSIONS)
ON THE COLLEGE STUDENTS BASED ON LEiZTN OF PLATEAUX

Source Sum of Squares df

Variance
Estimate

Main Effects:
Schemata 188.006 2 94.004 30.73xxx
Content 141.561 3 47.187 19.87xxx
Subjects 271.868 18 15.103

Interaction:
Schemata X Content 60.834 6 10.139 4.97xxx
Schemata X Subjects 110.159 36 3.059
Content X Subject:: 128.272 54 2.375

Interaction:
Schemata X Content A Subjects 220.333 108 2.040

Total 1121.035 227

xxx
p {.001



-29-

To.BLE 10

ANALYSIS OF VLRIANCE FOR PROBLEMS OF TYPE b (TRAINING SISSIONS)
ON THE COLLEGE STUDENTS &ZED ON LENGTH OF PLATEAUX

Source Sum of Squares df
Variance
Estimate

Main Effects:
Schemata 186.061 2 93.030 9.47xxx

xxx
Content 261.000 3 87.000 6.67
Subjects 715.710 18 39.761

Interaction:
Schemata X Content 630.079 6 105.013 17.53
Schemata X Subjects 353.606 36 9.822
Content X Subjects 704.500 54 13.046

Interaction:
Schemata X Content X Subjects 646.921 108 5.990

Total 3497.877 227

xxx
p . 001
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e) Performance curves, Group norms and Schemata Norms.

It will be impossible to present the performance curves of every
one of the 38 experimental subjects on the 24 problems of the training
sessions using both group and schemata norms.

Figures 14 to 19 inclusive present the performance curves accord-
ing to group norms for the 24 problems that one experimental subject took
on the training sessions. The problems are presented in the order that he
had taken them. In figures 20 to 25 inclusive the performance curves for
the same subject are presented using schemata norms.

Looking at the performance curves for problems 31A, B, C, and D
(figures 14 and 20) the differences on the curves can be seen when schemata
and group norms are used. In problems 31B and 31D, when scored according
to the group norms, the subject received a very high score, his performance
curve rapidly increases (figure 14). This means that he was in agreement
with the group. Nevertheless, when his performance is scored according to
schemata norms, the curves show plateau and very low values. He did not
follow any "logical sequence" as defined by the schemata.

In problem 33C (figure 21) the subject shows a good performance
according to schemata norms, his curve is increasing rapidly and no
plateau is observed. He has followed one "logical sequence" as defined by
the schemata norms. When he is scored according to group norms (figure 15)
his performance curve increases slowly and he has a low value. He was not
in agreement with his group.

Looking at figures 16 and 22 that present the performanc.4 curves
for problem 35, we sec a rapid increase on the curves when he is snored
with group norms and also when he is scored with schemata norms. This
means that he has followed a "logical sequence" according to the schemata
and at the same time, ho was in agreement with his group.

Looking at figures 17, 18 and 19 that present the performance curves
for problems 32J, B, C, D; 34A, B, C, D; and 36i, B, C, D; using group
norms, and at figures 23, 24 and 25 that present the performance curves
for the same problems using schemata norms, it can be seen that in all
but two of these problems he has a better performance curve when using
schemata norms than when using group norms.

In summary, it can be concluded that a performance curve using
group norms will not tell us how the subject has solved the problem but
how he is in agreement with the other subjects in the group. The per-
formance curve using schemata norms will tell us how the subject has
approached the problem. If he has used a "logical sequence", no plateaux
will appear on the performance curve and his score and performance curve
w:11 be tha snma regardless of the group to which he belongs.
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2. College versus high school students.
a) Length of plateaux.

One of the aims of this study was to see the influence that ed-
ucational level has on the performance of these types of problems. For
this reason the college students as a group were compared with the high
school students on the 24 problems used in the training sessions. This
comparison was done using length of plateaux calculated from the schemata
norms.

The mean, standard deviation, and "t" values for each one of the
24 problems of the training sessions for high school and college students
are presented in table 11. The high school students show on all the prob-
lems longer plateaux than the college students. The "t" values (one tail
test) arc significant at the .05 level or more on 19 out of the 24 prob-
lems.

From these results it can be concluded that the college students,
in general, approach the' lroblems in a "more logical" way than the high
school students.
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TABLE 11

MEAN, AND STANDARD DEVIATIONS OF LENGTH OF PLATEAUX, NUMBER OF
SUBJECTS AND "t" VALUES FOR EACH ONE OF THE 24 PROBLENS OF THE
TRAINING SESSIONS FOR THE EXPERIMENTAL SUBJECTS IN HIGH SCHOOL
AND COLLEGE.

2roblems High School Coll(Te

"t" Values

31A 1.42 1.70 19 1.05 1.10 19 .80

B 4.42 2.21 19 4.11 1.97 19 .46

C 3.74 2.71 19 1.16 1.39 19 3.69***
D 4.11 2.12 19 2.68 .86 19 2.71**

33A 5.58 2.66 19 1.79 1.54 19 5.37***
Type a B 6.53 2.37 19 4.26 2.20 19 3.06**

C 5.32 2.97 19 3.32 2.62 19 2.20*

D 5.32 2.49 19 3.89 1.89 19 1.99*

35A 2.00 2.43 19 1.21 2.07 19 1.08

B 3.95 4.39 19 1.74 2.12 19 1.98*

C 3.37 3.63 19 .47 1.39 19 3.25**
D 3.26 3.49 19 .95 1.54 19 2.64**

32A 3.37 2.81 19 1.89 1.84 19 1.99*

B 3.53 3.33 19 1.37 2.01 19 2.42*
C 4.05 2.98 19 1.79 2.28 19 2.63**
D 5.11 3.21 19 3.53 3.14 19 1.53

34A 5.89 6.40 19 3.00 3.74 19 1.70*

Type b B 7.32 5.78 19 2.21 3.07 19 3.40 **

C 5.26 5.98 19 2.26 2.83 19 1.98*
D 4.79 4.54 19 2.16 2.76 19 2.16*

36A 10.00 4.33 19 9.26 4.83 19 .50

B 7.47 5.08 19 4.53 4.74 19 1.84*

C 6,53 5.58 19 2.63 4.43 19 2.39*
D 5.05 5.54 19 .26 .71 19 3.74***

*P{.05
**P<..01

***Pc.001
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B. Pre and post-testing sessions.

1. Control versus experimental subjects
a) Schemata norms:

Table 12 presents the mean differences, the standard deviations of
differences, and "t" values for differences between experimental and con-
trol subjects on the accumulative score for every problem administered
during the pre and post-testing sessions for the high school and college
students.

Comparing experimental and control subjects on the accumulative
score (schemata norms) in problemsl, 19, aad 25 which were administered
in the pre and post-testing sessions, no significant differences are found
neither for high school nor for college students. It is possible that
memory has had an influence on the performance of the experimental subjects
in the second administration of these problems. For here it appears that
memory of the first administration has overcome the effect of the train-
ing between the administrations.

Problems 31D' and 35B' have the same schemata and content as the
one used Ln the training sessions. The differences between control and
experimental subjects are significant at thc.001 level for problem 31D'
with both the high school and college students; and at the .01 level for
problem 35B' with college students, For problem 35B' there is no signi-
ficant difference between control and experimental high school subjects.

In problem 32F there is no significant difference between control
and experimental subjects. The content of problem 32F was not similar
to the cne used in the training sessions. Problem 36F has the same
schemata and content as the one used in the training sessions; the MD of
the accumulative score is significant at the .001 level for college students
and at .01 level for high school students.

Problems 26 and 41A were new problems with different schemata than
the ones used in the training sessions. There is no significant diff-
erence between control and experimental high school and college students.

In summary, these results seem to indicate that when the problems
have the same schemata and content as the ones used in the training
sessions, the differences between experimental and control subjects
on the "logical" way of approaching a problem are significant. But, intro-
ducing a change in the schemata or in the content, the subjects with train-
ing seem to approach the problem in as similar a manner as the subjects
without training do when judged by the accumulative score obtained accord-
ing to the schemata norms.
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TABLE 12

MEAN DIFFERENCES, STANDARD DEVIATIONS OF DIFFERENCES BETWEEN
EXPERIMENTAL AND CONTROL SUBJECTS ON THE ACCUMULATIVE SCORES
(SCHEMATA NORMS) , NUMBER OF SUBJECTS I.ND "t" G.LUES FOR EACH
ONE OF THE PROBLEMS OF THE PRE-TESTING AND POST-TESTING SESSIONS
OF HIGH SCHOOL AND COLLEGE STUDENTS.

High School College

Problems
Mb- OD Itttt MD CD N "t"

Pre- 1 -.00413 .01774 19 -1.01 -.00061 .02572 19 -.10
Testing 19 .00754 .02673 19 1.23 -.00666 .02475 19 -1.17

25 .00371 .02239 19 .72 .00556 .02055 19 1.18

Post- 1 .00255 .02676 19 .42 .00061 .01648 19 .16

Testing 19 .00710 .02963 19 1.04 .00380 .00804 19 .47

25 -.00657 .02357 19 -1.21 .00101 .02303 19 .19

Type a 31D' .0486e .05224 19 4.06*** .05921 .06294 19 4.10***
35B' .01779 .04901 19 1.58 .03326 .04953 19 2.93**

Type b 32F -.00010 .00082 19 -.53 -.00002 .00068 19 -.11

36F .00280 .00375 19 3.26** .00422 .00265 19 6.94***

New 26 .01053 .03969 19 1.16 -.00203 .04742 19 -.18
Problems 41A -.00876 .03787 19 -1.01 -.00643 .05007 19 -.56

*P4.05

**P4.01
***P<. 001
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b) Length of plateaux:

By inspection of the performance curvet, using schemata norms
(figures 20 to 33 inclusive), it can be seen that there are moments in
the solution of the problem when no improvement is observed. This means
that the subject had selected a useless question, a question that has a
score of zero. Observing the performance curves of every subject in all
the problems, it is possible to know the length of plateaux that each sub-
ject has in every problem. In table 13 the mean differences, standard
deviation of differences, number of subjects, and "t" values arc given
for the differences between control and experimental high school and college
subjects for the problems of the pre and post-testing sessicals.

When comparing experimental and control subjects in problems 1, 19,
and 25 that were used in the pre and post-testing sessions, no diff-
erences on the length of plateaux is observed.

Problems 31D' and 35B' have the same schemata and content as the
one used in the training sessions; the differences between control and
experimental are significant at the .01 level or more.

Problem 321 has the same figure but different content than the one
used in the training sessions; the differences are not significant. Prob-
lem 36F has the same schemata and content as the one used in the training
sessions; the differences between control and experimental are signifi-
cant at .001 level for the college students and at the .01 level for the
high school students.

Problems 26 and 41A were new problems. The differences are in the
expected direction, but a .05 level of significance was reached on prob-
lem 26 only with the college students.

In summary, by the study of length of plateaux comparing control and
experimental subjects, it can be concluded that when control and ex-
perimental subjects know the problem there is no significant difference
in the way that they approach the problem. But, there is a significant
difference when the problem has the same schemata and content as the one
used in the training sessions. When the problems have a different schemata
or content than the one used in the training sessions, the subjects with
training always approach the problem in a more "logical" way than the
subjects without training, nevertheless the differences do not always reach
a level of significance.

Comparing these results with the conclusions on accumulative score,
it can be seen that, in general, they are similar. Nevertheless, the
study of length of plateaux seems to be a more sensitive technique than
the study of the accumulative score. The accumulative score is obtained
by accumulating the score corresponding to every question that the subject
has asked. If the subject asked useless questions, he received a score
of zero; yet he is not punished by the number of useless questions he
asked. However, the useless questions arc taken into consideration in the
study of length of plateaux.
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TABLE 13

MEAN DIFFOZENCES, STANDARD DEVIATIOVS OF DIFFERENCES BETWEEN
CONTROL AID EXPERIMENTAL SUBJECTS ON THE LENGTH OF PLATEAUX,
NUMBER OF SUBJECTS AND "t" VALUES FOR EACH ONE OF THE PROB-
LEMS OF THE PRE-TESTING AND POST-TESTING SESSIONS OF HIGH
SCHOOL AND COLLEGE STUDENTS.

PROBLEMS High School College

MD °D N "t" MD °D

Pre- 1 .36842 2.27597 19 .71 -.10526 1.37246 19 -.33
testing 19 .63158 3.32788 19 .83 .36842 2.47536 19 .65

25 1.05263 5.70755 19 .80 11.63158 4.01589 19 1.77

Post 1 -.10526 1.99723 19 -.23 -.05263 .60469 19 -.38

testing 19 -.15789 3.82874 19 -.18 .63158 2.71356 19 1.01

25 -.84210 3.61667 19 -1.01 .36842 1.92519 19 .83

31D' 1.73684 2.57196 19 2.94** 2.42105 2.43474 19 4.33***
type a 35B' 2.63158 3.75865 19 3.05** 3.31579 4.67977 19 3.09**

32F .57895 3.99099 19 .63 .31579 3.229o2 19 .43

type b 36F 4.69474 7.45438 19 2.86** 8.i5579 5.14284 19 6.91***

New 26 .68421 2.86637 19 1.04 1.36842 2.67956 10 2.23*
Problems 41A .78947 2.14179 19 1.61 1.05263 3.03443 19 1.51

*P4.05
**Pe...01

*)"(1)<.001
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c) Performance curves:

It is impossible to present the performance curves for every subject
on all the problems they have taken. The performance curves for a control-
experimental pair (schemata norms) are presented in figures 26 to 33 in-
clusive. This pair was selected not because it emphasized the differences
between control and experimental subject, but, because, according to the
author, it is one of the typical cases.

The performance curves for problem 1, pre and post-testing, for the
control-experimental pair presented in figure 26 show a plateau on the curve
of the control subject in the post-testing sessions.

In figures 27 and 28 the performance curves for problem 19 in the pre-
and post-testing sessions show higher values for the experimental subject
than for the control subject and no plateaux on the curve of the experimen-
tal subject on the post-testing session.

In the performance curves of problem 25 (figure 29) the exi.crimen-
tal subject shows a higher value on the pre-testing session but longer
plateaux than the control subject. The performance curve for the control
subject shows no plateaux and higher values than the performance curve of
the experimental subject in the post-testing session.

The performance curves for problems 31D' and 35B' (figure 30) show
a "better" performance for the experimental than for the control subject.
The experimental subject has higher values and no plateaux at all, while
the control subject has lower values and longer plateaux.

Looking at figures 31 and 32 for the performance curves in problems
32F and 36F, the experimental subject shows no plateaux at all, while the
control subject shows 6 and 12 plateaux respectively which are the maximum
possible length of plateaux for these two problems.

Figure 33 shows higher value and longer length of plateaux for the
control than for the experimental subject on problem 26. In problem 41
the experimental subject reached a higher value but also shows a plateaux
on the performance curve.

In summary, the performance curves of the control-experimental pair
presented here show no clear differentiation between the two subjects on
the performance curves of problems 1, 19, and 25 in the pre-testing
sessions. When the same problems 1, 19, and 25 were administered at the
end of the experiment, the experimental subjects had a "better" perform-
ance on problems 1 and 19. In problem 25 the control subject had a
"better" Iel:form:Ince than the experimental subject.
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Looking at the performance curves for problems 31D',35B', 32F and
36F, a clear differentiation is demonstrated. The experimental subject
has no plateaux at all on the performance curves. This means that he has
solved the problems using a "logical" sequence of questions. The control
subject showed a large number of plateaux on the performance curves of
these problems. This means that he has solved the problems using a "non-
logical" sequence according to the schemata norms. Regarding the new prob-
lems 26 end 41;. no clear differentiation between the performance of the
two subjects is found.

The performance curves of just one control-experimental pair was
selected among the 38 control-experimental pairs. It is not possible
to say that the performance curves of all the control-experimental
subjects are like the ones presented here; but, in general, they follow
the trend explained above.
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d) Convex sets:

rafter scoring every control and ucerimental subject using schemata
norms on the rroblems of the pre and post-testing sessions, poligonal
convex sets we drawn by plotting the (O.) score on the abscissa and
the (0.-E) score on the ordinate (see methodology #3).

Comparing the convex sets for control and experimental subjects
(figures 34 to 45 inclusive) on problems 1, 19, and 25 in the pre-testing
end post-testing sessions no clear differentiation is found. In problem 1
the convex set for the experimental high school students in the post-
testing sr,:ssion shows a greater variation than for the control subjects
in the (0s_) score.

For problem 31D' the "logical sequences" to be followed in order to
solve the problem arc 2, 4, 7 or 2, 7, 4 and 2, 3, 8 or 2, 8, 3. The con-
vex sets for problem 31D' (figures 46 and 47) and the sequences follow-
by the subjects whose tactics fall on the boundaries of the convex sets
show that five of the experimental high school subjects followed the se-
quence 2, 4, and 7 while just 1 control subject followed that sequence.
For the college students eight of the experimental subjects followed the
sequences 2, 4, 7 or 2, 3, and 8 while 1 control subject followed the se-
quence 2, 4, and 7. All these subjects have a (Os) score = .15 and a
(0

s
-E) score = .12.

The sequences of the subjects that have a (Os) score = .15 but a
(0 -E) = .11 (experimental high school subjects 2 and 11, experimental
calege subjects 5, 12, 16 and 18 and control college subject 18) show that
all of them selected cards corresponding to one of the sequences 2, 4, 7;
2,7,4 or 2,8,3; but, they selected one question more. This question was
placed in the middle or at the end of the sequence and this question be-
longs to the other logical sequence. For example, experimental high school
subject 11 selected the sequence 2,7,4,8 and oxperimental high school
subject 2 selected the sequence 2,3,4, and 7.

The sequences of the subjects whose (Os) score = .15 and (0 -E)
score = .10 (experimental high school subjects 3 and 14; control high

school subject 19; experimental college subjects 10,13,15,17 and 19) show
that they have selected the two sequences one after the other. Experimental
college subject 13 and experimental high school subject 3 selected 2,4,
7, 3, and 8. The other subjects alternated between the two sequences.

In th high school students experimental subject 9 and control
subjects 9 and 13 have a (Os) score = .15 and a (08-E) score = .09. The
sequences followed by these subjects show that they selected beside the
two sequences one more question. This means that they have selected
bix qnostiong in order to solve the problem instead of the three required
ones.
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T subjects with a (Os) score = .15 and a (Os-E) score = .08
(control college subject 15 selectee 7 questions; the two required log-
ical sequences and two more questions. Experimental high school subject 4
with a (0..) score = .15 and a (0s-E)score = .064 had selected the sequence
2.4,3,7,9,8,1,10, and 6. It can be seen that sequence 2,4, and 7 is locat-
ed among the first 4 questions he had selected).

In figure 46 the convex sets for high school subjects show that ex-
perimental subject 12 and control subject 16 have the same (Os) score =
.125. Their sequences are 2,4 (subject 12) and 2,3,6,7,8,5,4,1,9,10
(subject 16). Notice that the first two questions belong to one of the
logical sequences, and, that is the reason that they have the same (Os)
score. But, while subject 12 asked no more questions and his (08-E) score
= .10, subject 16 a=sked 8 more questions. He is punished for all these
useless questions he has asked and his (05-E) score = .025.

Looking at the same figure 46 control high school subject 6 has n
(Os) score = .05 and a (08-E) score =.02. His sequence is 8,4,7; he
selected three questions but he did not ask question number 2 which is
the most important and should, according to the schemata norms, be always
asked in the first place. Experimental high school subjects 7 and 18
selected the. sequences 6,8,2,4,3 and 3,2,4,8,7 respectively. The only
question that has a score: is question nur:.ber d for subject 7 and question
number 4 for subject 18. They had selected the other required questions
of the logical sequences, but in a wrong order and consequently they re-
ceived a score of zero for them. The sequences of subjects 7 and 11 of
the control group are 7,2,9,4,3,1 and 4,7,2,3,8,5 resrectively. Their
situation is similar to experimental subjects 7 and 18 so they received
a score for only one question (8 and 7 respectively). The (Os) score fur

the 4 cubjects is .025. Nevertheless they differ in terms of the (O -E)
score Ly the fact that experimental subjects 7 and 18 selected 4 questions
with scores of zero, and their (0s-E) score = .025 while control subjects
7 and 11 have 5 questions with scores of zero and their (0s-E) score =
-.035.

Control subjects 4,5, and 18 have a (Os) score = .00. This means
that they have not selected any required question in the right order.
Subject 4 selected four questions and his (Os-E) score = -.04 while
subjects 5 and 18 selected 5 questions and consucuently their (0s-E)
score = -.045.

A similar approach can be followed in order to complete the study
of the convex set for the college students (figure 47). Control college
subject 12 has a (Os) score = .10 and a (0s-E) score = .065. The sequence
that he followed is 2,5,6,7,4,3,9,8,10. He received a score for qcestiun
number 2 and a zero score for all the other questions. He selected ques-
tions 7 and 4 but in the fourth and order instead of the second and
third order.
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Control subjects 2,5, and 13 have the same (Os) score =.05. This
means that they received a score for the second and third questions they
asked. The differences in the (08-E) scores are due to the fact that
subject 13 :elected 8 questions for which he received a score of zero
while subjects 2 and 5 selected only ono question with a zero velue.
Looking at the bottom of the convex set there are 5 control subjects and
1 experimental subject that have an (Os) score = .025. They received a
score for just one question. The differences in (0

s
-B) scores are due

to the number of questions that they have selected with a score of zero.

In summary, it can be concluded that the convex sets for problem
31D' shows a clear differentiation between control and experimental sub-
jects. Seventeen experimental college subjects are located in the upper
bounderies of the convex set while only three control college subjects
are in that place. For the high school students the ratio is 11 ex:7,eri
mental to four control subjects.

The convex set for problem 35B' (figures 43 and 49) show that 9
of t4e colleE5c students followed a logical sequence while 1 of the con-
trol subjects followed a logical sequence. For the high school students
7 experimental rOiects had followed one of the legieel seqeences
just 1 coetrol ru'ejcet did so. If one wished to c:o a detailed stue.y for
problem 378', a similar approach as the one followed for problem 311)'
should be performed.

Figures 50 and 51 present the convex sets for problem 32F. In
figures 52 and 53 the convex sets for problem 35F arc presented for thc
high school and college students repe.tively.

Notice that in these problems (type b) the sequences followed by
the subjects are not presented, but the number of questi.ons that the
subject used in order to solve the peoblcm is rresented. Insection of
the figures 50 and 51 show that the convex sets for the control subjects
in both high school and college studente coincide on the lower boundary
with the convex sets for the experimental subjects, nevertheless, the
convex sets for the experimental subjects show higher values on the left
upper corner.

In figures 52 and 53 the convex eets for the control subjects
become a line that is located in the lower booeeary of the convex set
for the experimental subjects. It can be seen that o,ly the experimental
subjects as:;ed the required or less than thc rcruired number of questions.
Every control subject asked more than the requiied nember of questons in
order to solve the prollem. For the high school control subjects the num-
ber of quettions ranked from 6 (subjects 3 and 7) to 18 quertiens (sub-
jects 5,9,11,12,23,17), that. is, the maximum number of questions trey can
ask. For the college control students the rank Boca from 9 questions
(subjects 2,3,14) to 18 questions (subjects 4,8,10,15,17,19). In the ex-
perimonirl hick cshol?;studonts 4 of them solved the problem with the
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required 5 questions, 4 subj..cts solveu it with 4 questions and 1 subject
solved it with 3 questions. In the college students 8 of them used th,1
required number of qvestions in order to solve the vroblem. 2 subjects
solved it with 4 questions and 2 other subjects solved it with 2 questions.

It can be seen that several experimental subjects solved the i ob-
lem with less than the required number of questions. Thu problem can be
solved with 4 questions if the subject assumes that the code is based
on the color and kind of lines, and he starts asking questions on this
basis. To follow this approach is a very "good guess" for this problem
and it was iolluwed Ly several experimental subjects who had similar prob-
lems in the training sessions, but, computing the schemata norms un 4
questions will punish the control subjects who do not know the problem at
all and had no "good guessing" approach. It was decided that with 5
questions the rrublem could be solved even if the subject had no idea of
the rationale underlying the assignment of values to the different areas.
The convex sets for problem 36F show a clear differentiation between con-
trol and experimental subjects.

The convex sets for problem 26 in the high school studenta (figure 54)
show higher values for the experimental than for the control subjects. In
the convex set for college students (figure 55) thu experimental subjects
show lower scares than the control subjects.

The convex set for problem 41A in the nigh school students (figure
56) shows a greater \rariation, in terms of the (Os) score, for the ex-
perimental subjects than f,,r the control su'ojocts; the reverse is ob-
serve] on the (05...E) score. In the convex for the college students
(figure 57) the higher values are observed for th experimental subjects.

is detailed study of the convex sets was presented here for 1.rob-
lems 31D' and 36F. These two pr._,blems have been selected because thcir
schemata is very clear and a small number of questions are required in
order to solve the problems. There is no other reason and a similar
study can be rerformed with any one of the convex sets for any pruL.lem.

In summary, the study of the eolivex sets 1.ermit one to differen-
tiate between the control ar.9 experimental .subjects. It is possible to
see the sequence ur tactic -ollowed by ean subject in order to solve the
problem. When the convex sets are based on the schemata norms as in the
cases describJA here, it is possible. to sec the subject that has foll.)wed
a "1._Ti.!;:2" sequence, he will be ae the uprer corner of the convex set.It
is also Lossible to see hew a subject departed from the "logical" sequences.
It seems that when the subject starts asking the questions in a "logical"
manner but does not finish the sequence, which means that he has ashed
less than the required number of questions, his tactic will be located on
the urger horizontal boundaries of the convex set. The fewer the questions
he asked the lower will be his position on that boundary. The subject who
falls on the lower corner of the convex sets will be the subject who has
asked none or very few of the questions that belongs to any "logical"
sewieno:. Uis lovntion i.n thnt Nlundnry will depend on the number of
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ueeless questions he has asked. The subject who starts asking ques-
tions in a "logical" sequence but then departs from that sequence and
asked questions at random will be located on the lower horizontal bound-
aries of the convex sets. Again, his position on that boundary will
depend on the number of questions he has asked in a "logical" way. The
subjects who asked all the questions that belong to one of the "logical"
sequences according to schemata norms, will be located on the upper vert-
ical boundary of the convex set. If he asked just the required questions,
he will fall in the upper corner of the boundary. But, if beside the re-
quired questions he has asked others, location will fall lower on that
upper vertical boundary according to the rumber of useless questions asked.

The subjects whose tactics are located inside the convex sets arc
the ones who asked as many questions of e "logical" sequence as the sub-
jects who are located on the same ordinate on the boundaries. Their posi-
tion along that ordinate will depend on the number of useless questions
asked.

All these implications can be seen by a close inspection of fig-
ures 46,47,48,49,52,53,56 and 57 that present the convex sets for problems
31D', 35B',''6F and 41A which arc the problems with a clear schemata.

There are cases where the problem can be solved using different
sequences or tactics, but not all of them have the same weights. In other
words, if there are several "logical" tactics, there is one that is "more
logical" than the others or there is a group of questions that should be
asked. There is no absolute position in the sequence for every ques-
tion. The results arc that several of the "logical" sequences will have
different scores and the subjects who followed them will be located at
different points on the convex sets. This is the case of experimental
college subjects 3,12,and 17 and control college subjects 4 and 1 on
problem 26 (figure 55) !,ho have followed one of the "logical" sequences,
nevertheless, their locations are different on the convex sets.

Looking at the convex set for the same problem (26) in high school
students (figure 54), it can be seen that experimental subject 11 ha.'
followed a "logical" sequence. However, his score is lower than subject
19 who had selected a "logical sequence" but with two more questions at
the end. This happened because according to the schemata norms subject
19 had selected a sequence with more weights than the sequence selected
by subject 11.
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LIMITS OF PERFOPMANCE OF 1" JCHOOL CONTROL AND EXPERIMENTAL SUBJECTS
ON PROBLEM 1 OF THE IlkE-T: G SESSIONS RASED ON SCHEMATA NOZ1S.

Control Ex?crimcntal
Subjc.cts Tactics

74,7
,ss 4,8

8 1,2,4,5
14 1,2,5,9,4
1 1,2,3,5,6,7
3. 3,4,8,7,9,6

SubjL:ct.; Tactics
17 3,7
12 4,5
1C 4,8
2 1,5,3
1 2,1,8,3
1J 1,2,8,4
3 2,1,3,7,4,3
8 5,7,1,4,3,2,7,9
18 4,7,8
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FIGU.ZE 35

LIMITS OF ,-TRFORMANCE OF COLLEGE CONTROL .iND EXPEaIMENT.:L SUBJECTS
ON PROBLEM 1 OF THE PRE=TESTING SFSS IONS BASED ON SCHEMATA. NO.MS.

Control
Subjects Tactics

Experimental
Subjccts Tactics

8 4,5,7 1 4,6,7
T7 4,8,7 0d 4,87 4,7 10 4,5
1,18 3,8 14 5,2
7,12 4,8 7 2,(:,3,1
5 ,5* 16 1,2,5,7,5,2,4
13 1,2,8,4
10 4,5,7,6,3
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LIMITS OF P%:4..FORMANCE OF HIGH SCHOOL 0'ONT.:01. AED EXPERDIENTAL SUF1JECTS
ON Pi1013Lal 19 OF THE PRE-TESTING SESSIONS 8,V.;.,:n ON SCHEW,TA NC.-;s

Control
Subjects Tactics

ExIlerimantal
Subjects Tactics

6,15,16,17,2,18,4.19,5 3 6316,17,1512,16,4,19353200,12
13 5,12,13 14 5,d,2,6,4,18
6 5)12314,1_, 5 9,15,2,18,4
4 5,9,12,13,14,2,19,10,20, 15 5,14,13,12

6,17,16,15,7,4 4 5,12,6,17,15,13,9,19,20,18,4
16 9,12,13,16,7,16,19,2,4, 9 23181431935,20)6,1533,12,14,93

5,15316,20,17 11,1
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LIMITS CV PERFORMANCE OF COLLEGE MX .:OL AND EXPERIMENTAL SUBJECTS
ON PROBLEM 19 OF THE PRE- TESTING SESSICNS BASED ON SCHEMATA NORMS.

Control
Subjects Tactics
8 6,15,17,2,19,5

EITerix.ental
Subj.:cts Tactics
2 19,2,16,6,17,18,4,15,5

2,6,15,16,5,19,17 4
3 6,16,19,5,2,17 15 5,14,13,12
1 2,19,5,18,4,17 6 2,6,7,19,5,9,12,20
2 5,2,20,19,18,14 11 2,20,18,4,5,19,15,17,16,5
16 5,8,9,15,17,6116,2,18,19
7 (.y2,13,14,2,18,19,20,4,

1,5,6,15,17
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LIMITS OF '3?ERFORIlt.No.:: Or IIIG11 SCHOOL COLT t0L AND EXP2.11.1MENTAL SUBJECT;.;

ON PROBLII: 25 OF TIM PRE-TESTING SESSIONS Ei:P31) OIL SClik.2.1/1T.'. NORMS

Control Exy!rieutal
TacticsSubjects Tactics Subjects

16 9,2,1:12,15,18 11

9 1,2,3,10,20 15

3 V219,7215 2

1,9,24,16 14
10 1,3,2,4,0,9,12,14,15,16,17, 15

18,24 3

1 1,2,3,4,5,6,7,8,9,10,12,13, 7
14,15,16,17,18,19,23,24

lo

10,2,23,24,20
8,7,3,9,24,20
2,7,9,20
25,23,11,15
2,4,12,22,11,25
23,24,25,9,14,15,16,n,26
1,9,4,6,12,17,23,24,13
12,9,1,2,4,24,15
2,3,10,20
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LIMITS OF I,tanammicn OF COLLDGE coNTtni, AND EXPE.ZIMENTAL SUBJECTS
ON PROBLI 25 CF THE eRF-TZSTIX SESSIONS BASED ON SCHFMATA NO1MS.

Control
Subjects
S

T4
T-
V
-1../

Tactics
xperincntal

Subjects Tactics
10,23,2,24,20 10 S,2,23,15,5
1,2,9,24,20 S 10,25,20
2,3,1,9,5 7 1,10,8,20
1,9,15,11,18 3 2,1,3,4,9,15
2,3,1,4,9,6,11,13,14, 16 1,2,3,4,5,t',14,17,24,
16,15,20,22,21 25,15,20
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LIMITS OF PERFORMANCE OF HIGH SCHOOL CONTROL AND EXPERMENTAL SUBJECTS
ON PROBLEM 1 OF THE i'CST- TESTING SESSIONS BASED ON SCHEMATA NORMS.

Control Experimental
Subjects Tactics
7 3,9,7
11 4,7
8 2,3
3 2,1,9,4
14 - 3,7,8,2
T3 5,6,8,4

Subjects Tactics
3,5 4,6,7
r3 3,8,7
2,]2 4,8
11 4,7
7 1,2,3,5
16 1,2,3,4,5,9,8,7
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.08

LIMITS OF PE :;F 0.111AECE OF COLLEGE COlsri AM, :1) El'.IMENTAL SURJECTC
ON P2OBLTh 1 OF THE POST- TESTING SES3I0ii3 SSD ON SCHEMATA NOle.IS

Control
Subjects
8

326
11

12

14
17

19
10

Experimental
Tactics Subj%cts Tactics
82327 7 4

)
5

)
7

425 11 4
3
6

/
7

326 8216217218 428
428 1333.5 6 8
6,9 10 2,1,4,9

2,5,8
5,1,4,6
4,5,8,7
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LINITS OF PEi2F021,;..iiCE OF HIGH SCHOOL COPTaOL AliD EXPERIMENTAL SUBJE=
ON PAOBL714 19 OF THE POST-TESTING SESSIONS BASED ON SCHEMATA 1,10,:118

Control Experimental
Subjccts Tactic Subj.:eta Tactics
5 6,16,15, 17,2,18.19,20 13 6,15,16,17,18,4,2,19,5
9 2,1.8,19,20,5,4 12 6,15,16,17,2,19,5

5,9,12,14,13 14 2,18,416,15,17,16,17,5
17 2,6,5,9,13 '4,17,16 15 12,13,14,5
12 2,18,4,19 ,20,12,6,15,17 18 1812,4,19,20,1716,16,15,5
iC 9,1C,201.:15,2,416,15,17 11 2,18,19,20,4,8,12,13,14,7,15,
16 2,18,4,19,20,5,6,15,17,16 16,17,9
14 2,20,19,18,1:15,638,15
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LIMITS OF PERFOLdvANCE OF COLLEGE CONTROL ztii) EXPERIMENTi,L SUBJECTS
ON Pa0BLIZI 19 OF THE POST-TESTING SESSIONS BASED ON SCHEMATA NOMS

Control
Subjects Tactics

Experimental
Subjects Tactics

6,15,16,17,2,18,19,4,5
6,15,17,2,19,5
6,2,17,19,5
20,19,13,5,6,2
5,6,15,16,17,4,9,12,13

7 6,15,16,17,2,18,19,5 4
6 6,15,16,2,18,19,5 3
3 6,16,15,17,2,19,5 6
19 2,20,18,1S,5,17 19

2,19,7,15,17 7
13 2,18,4,1:,20,6,7,16,17,5
16 2,20,6,15,9,1,18,4,19,5,17
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LE1ITS OF VERFO:0111NCE OF HIGH SCHOOL CONTROL i..ND EXPERIMENTAL SUBJECTS
ON vammo, 25 OF THE POST-TESTING SESSIONS BASLD ON SCHEMATA NOaHS.

Control
Subjects Tactics

Experimental
Subj,..cts Tactics

16 10,2,23,15,20 12 5,2,1,15,20

9 2,5,1,20 15 1,2,10,26
7 7,5,8,26,17,18 1 26,25,23,17
T3 2,23,15,20 11 2,5,11,20
12 10,8,23,20 7 2,3,10,7,17,16,21,24

17 5,6,7,6,11,20,14,17,
23

16 1,2,3,5,6,9,10,24,23,
17,4,26

18 1,8,6,9,3,18,17,24,
23,21,22,16



Z(Os-E)

.08

.04

.00 -

-77-

16,

.00

Control +
Experimental .

E(0s )

FIGURE 45
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LIMITS OF PERPORMANCE OF COLLEGE CONTROL AND EXPE2IMENTAL SUBJDOTS
ON PROBLEM 25 OF THE POST-TESTING SESSIONS BASED ON SCHEMATA NOIMS.

Control
Subjects Tactics

ExprialLntel
Subjects Tactics

16 9,2,23,24,15 15 5,8,23,26,203 9,15,18 8 5,8,20
1 18,24,8,4 15 2,3,7,9,20
7 1,10,23,26,18,17,15 18

9,23,2,24,20 7,8,3,5,14,15,24



. 12'

. 08

.04

uo,-E)
.00

-78-

/ A
/1

7414.

"7,11
-.04 4

5,18,

./

8,10,15,17,15,5

2,11

3,14,19

9,13,9

Control +
Experimental .

.00 .04 .08 .12 .16

E(06)

FIGURE 46

LIMITS OF PE2FORMANCE OF HIGH SCHOOL CONTROL AND EXPERIMENTAL SUBJECTS
ON PROBLEM 31D' OF THE POST-TESTING SESSIONS BASED ON SCHEMATA NORMS

Control
Subjects Tactics

Experimental
Subjects Tactics

3 2,417 8,10,15,17,19 2,4,7
8,4,7 12 2,4

4 1,5,2,7 7 6,8,2,4)3
5 4,10,6,3,5 18 3,2,4,8,7
18 8,2,5,7,3 4 2,4,3,7,9,8,1,10,6
7 7,2,8,4,3,1 9 2,3,4,700

4,7143,8,5 3 2,4,7,3,8
16 2,3,607,815,4,1,9,10 14 2,403,70
9,13 2,4,8,3,7,6 2 2,3,4,79 2,4,8,3,7 11 2,7,4,8

.20
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LIMITS OF PERFO3MANCE OF COLLEGE COMM AND EXPERIMENTAL SUBJECTS
ON PROBLEM 31D' OF.THE POST-TESTING SESSIONS BASED ON SCHEMATA NOW

.20

Control.

Subjects Tactics
3 2,4,7

Experimental
Subjects Tactics
1,4,7,11,14 2,4,7

6 P 7 P8 3,6,3 2,3,8
1 7,2,4 9 6,2,4,7
17 7,2,8,4 10 2,3,7,4,8
a 6,2,3,4,7,8 13 2;4272823
16 8,1,7,3,5,6,4 15 2,4,3,8,7
7 4,7,2,8,6,3,5,9 17 2,3,7,8,4
13 3,8,7,6,4,2,1,3,9,10 19 2,4,8,7,3
12 2,5,6,7,4,3,9,8,10 12,18 2,7,8,3
15 2,3,4,8,6,7,5 5,16 2,4,3,7
18 2;72805
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LIMITS OF PEIFO1M4NCE OF HIGH SCHOOL CONT2OL AHD EXPERIMENTAL SUBJECTS
ON PROBLEM 350' OF THE POST-TESTING SESSIONS BASED ON SCHEMATA NORMS

Control
Subjects Tactics
11 5,15,6,13,4
'7 2,5,4,6,3,15

1,2,3,4,5,6,7,8,9,10
6 2,4,5,11,13,14,16,15,8,6
10 5,7,14,6,2,13,15,11,9,16,12
2 5,2,7,15,11,6,4,8,14112,13,9
18 5,13,15016,14,7,00,12,9,11,4

Experimental
Subjects Tactics
3,15 5,6,15,13,4
8,10 5,15,6,4,13
11,13,14 5,6,15,4,13
12 5,2,0,11
4 5,6,11

11,14,12,16,7,9,4,5,13
6 7,5,4,6,8,15,2,14,11
18 14,16,12,8,5,6015,2,713,4
16 5,15,7,9,11,13,4,12014,16
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LIMITS OF PERFORMANCE OF COLLEGE CONTROL AND EXPERIMENTAL SUBJECTS
ON PROBLEM 35B' OF THE POST-TESTING SESSIONS BALED ON SCHEAATA NORMS

Control
Subjects Tactics
5 5,2,8,13,4
2 5,2,8,13
3 5,14,11,2,8
4 15,6,5,13,4
19 7,5,418,1519,3
12 11,14,9,12,7,13,5,16,4
17 4,8,15,5,2,13,12,14,11,

6,7,9,16
7 5,14,11,8,6,15,4,16,12,

9,7,13
5,4,6,11,14,7,9,12,13,16

1p6 5,15,6014,11,6,4,13

Srperimental
Subjects Tactics
3,9 5,6,15,4,13
7,13 5,6,15,13,4
8,12,16,17 5,15,6,4,13
11 5,2,8,14,11
2 14,11,5,6,15,4,13
15 5,15,2,7,6,11,16,8,4,13
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LIMITS OF PERFORMANCE OF HIGH SCHOOL CONTROL AND EXPERLMENTAL SUBJECTS
ON PROBLEM 32F OF THE POST-TESTING SESSIONS BASED ON SCHEMATA NUM'S

Control
Subjects
5

2.;

75%7,9,11012,13;14
16,17
15
117,19

8
TA2
3,,13

IlabraNNNIN.,

NuM6r of Questions
Exsrimental

Subjectc Number of Questions
12 8,18 12
10 9,11,14 11

7 6
18 12 5
17 1,2,3,5,6,10 ,13,16,
16 17,19 18
15 4 15
14 15 14
13
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.0046

UNITS OF PERFORMANCE OF COLLEGE CONTROL AND EXPEalliENTLL SUBJECTS ON
PROBLEM 32F OF THE POST-TESTING SESSIONS Brom ON SCHEMATA NORMS.

Control
Subjects
5,7,15,16,18

OM f 'NM!

14
/73,11,13,15,17

1747,,157a-
T,T24.
19

Number of Questions
Experimental

Subjects Number of Questionc
12 1,10 12
11 11,18 11
10 14 10
18 2 8
15 3,4,6,5,13 18
14 le 17
13 15 15

5,17,19 14
7,8,12 13
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2. High school versus college students.

a) Length of plateaux.
In order to study the effect that a particular educational level

may have on the performance of these problems, the length of plateaux that
appears on the performance curve of high school and college students on
the problems of the pre and post-testing sessions were compared.

Tables 14 and 15 present the mean and standard deviation of the
length of plateaux and the "t" values for control and experimental high
school and college students. These tables show that the mean for the
length of plateaux is larger for high school than for college students
with thc exception of the control group on problem 36F.

For the control subjects the differences arc significant at the
.05 level for problems 1 and 19 of the pre-testing sessions, and, for
problems 1, 25, and 26.of the post-testing sessions.

Table 15 shows that the differences for the experimental subjects
are significant at the .05 level for problems 19 and '25 of the pre-test-
ing sessions. For the post-testing sessions the differences are signif-
icant at thc .001 level for problem 25, at .01 level for problems 31D'
and 26, and at the .05 level for problem 36F.

In summary, it can be concluded that the college students approach
the problems in a more "logical" manner than the high school students even
if the differences do not always reach a significant level. Further, it
seems that training has more effect on the college students than on the
high school students.
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TABLE 14

MEAN AND STANDARD DEVIATIONS OF LENGTH OF PLATEAUX, NUMBER OF
SUBJECTS AND "t" VALUES FOR EACH ONE OF THE PROBLEMS OF THE
PRE-TESTING AND POST-TESTING SESSIONS ON THE HIGH SCHOOL AND
COLLEGE CONTROL SUBJECTS.

Problems High School Collee

a "t" Values

Pre- 1 1.95 1.54 19 .95 1.00 19 2.37*

testing 19 5.05 3.30 19 3.37 2.41 19 1.79*

25 6.42 4.61 19 5.16 3.12 19 .99

Post- 1 .84 .87 19 .32 .57 19 2.18*

testing 19 2.79 1.91 19 2.47 1.98 19 .51

25 4.37 2.68 19 3.11 1.59 19 1.76*

31D' 3.95 2.09 19 3.37 2.52 19 .77

Type a 35B' 5.66 2.51 19 5.05 3.14 19 .68

32F 4.00 2.25 19 2.79 2.44 19 1.58

Type b 36F 8.58 4.48 19 9.21 3.46 19 -.49

N(A..7 26 6.00 2.20 19 4.47 2.85 19 1.85*

Problems 41A 4.26 2.59 19 3.47 2.28 19 1.00

*Pef.05
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TABLE 15

MEAN AND STANDARD DEVIATIONS OF LENGTH OF PLATEAUX, NUMBER OF
SUBJECTS AND "t" VALUES FOR EACH ONE OF THE PROBLEMS OF THE
PRE-TESTING AND POST-TESTING SESSIONS ON THE HIGH SCHOOL AND
COLLEGE EXPERIMENTAL SUBJECTS.

Problems

Ugh School College

M a N M a N "t" Values

Pre- 1 1.58 1.84 19 1.05 1.32 19 1.02
testing 19 4.42 2.26 19 3.00 1.62 19 2.23*

25 5.37 2.64 19 3.53 2.14 19 2.36*

Post- 1 .95 1.70 19 .37 .74 19 1.36
testing 19 2.95 2.46 19 1.84 1.56 19 1.66

25 5.21 2.80 19 2.74 1.33 19 3.471'**

31D' 2.21 1.91 19 .95 .94 19 2.58**
Type a 35B' 3.05 3.73 19 1.74 2.51 19 1.27

32F 3.42 2.82 19 2.47 2.44 19 1.11
Type b 36F 3.68 5.13 19 1.05 3.08 19 1.92*

26 5.32 3.14 19 3.00 2.70 19 2.44**
41A 3.47 1.76 19 2.42 2.09 19 1.68

*P-05
**Pe.01

***P 4.001
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b) Convex sets

Comparing the convex sets for high school and college students
for problem 1 of the pre-testing sessions (figures 34 and 35) show that
the convex sets for the college students are higher than the convex sLts
for the high school students. On the same problem for the post-testing
sessions (figures 40 and 41) the convex sets for college students show
less dispersion than the convex sets for high school studehts.

In problems 19 and 25 of the pre and post-testing sessions (fig-
ures 36 to 39 and 42 to 45) the convex sets for college students show
less dispersion than the convex cets for high school students.

In problem 31D' the convex sets for college experimental subjects
(figure 47) show less dispersion than the convex sets for the high school
students (figure 46). Further, 17 college experimental subjects have the
higher (Os) score whereas only 11 high school experimental subjects have
the higher (Od score. On the convex sets for control subjects not much
differentiation is found.

The convex sets for problems 35B', 32F and 36F show little diff-
erentiation between high school and college subjects (figures 48,49,50,
51,52 and 53).

The convex sets for problem 26 (figures 54 and 55)show larger
dispersion in terms of the (0 -E) values for the experimental college
subjects than for the high scRool experimental subjects. Comparing she
control subjects the convex sets for the high school students shows more
dispersion than the convex sets for the college students.

The convex sets for problem 41A (figures 56 and 57) show larger
values fox college than for high school students in both control and
experimental subjects. As a general statement it can be said that the
college students show "better" performance than the high school students
on approaching these problems.



CHAPTER V

SIJKIARY AND CONCLUSIONS

This research has been designed in order to study individual
differences in thought processes. Its primary interest was to study the
process followed by'the subject in order to reach the solution of the
problem. For this purpose the performance of 38 experimental subjects
were studied throughout 24 problems of the training sessions.

The methods used to perform the study of this first part of the
research were: group norms, length of plateaux calculated from the schemata
norms, and performance curves based on group norms and on schemata norms.

Otct*
Of special interest was the study of the complexity of the PrOblems

represented by the schemata and the degree of abstraction of the content.
The analysis of variance using group norms and length of plateaux show
that the main effect schemata and the main effect content are statisti-
cally significant. The interaction between schemata and content is also
significant.

When comparing the performance curves based on group norms with
the ones based on schemata norms, it is clear that the latter gives more
useful information about the process followed by the subject when he is
solving a problem.

The second aim of this research was to study the individual ditf-
crences in the process of solving a problem between subjects with train-
ing and subjects without training. For this purpose, the performances of
38 experimental subjects were compared with the performances of 38 con-
trol subjects individually matched before the experiment. These compari-
sons were made on the basis of 12 problems, 3 pre-testing and 9 post-testing.

The methods used to measure their performance were: schemata norms,
length of plateaux, individual performance curves based on schemata norms,
and convex sets based on schemata norms. The experimental subjects show
a "better" performance than the control subjects. When the experimental
subjects had any plateaux at all, they were shorter than the plateaux of
the control subjects.

The individual performance curves show that the process followed
by the experimental subjects in order to solve a problem is "better" than
the one followed by the control subjects. This means that the experimental
subjects always approach the problems in a more "logical" way. The great-
est differences were found in the problems similar to those used in the
training sessions,
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The third aim of this research was to study whether the educa-
tional level had an influence on the process followed by a subject in ode2
to solve thiz type of problems. The study of the length of the plateaux
shows clearly that the process followed by the college students is always
"better" than the one followed by the high school students.

The results of the present research confirm the one obtained on
the previous one (Rimoldi, Fogliatto, Haley, Reyes, Erdmc.nn, Zacharias,
1962). The control and experimental subjects were compared on the number
of questions they used in order to solve the problems and compared on the
agreement concerning the questions they should ask. The results of the
comparison between college and high school students is also confirmed.

The methods used in the present research are more sensitive than
the methods used on the previous research. The schemata norms give more
clear information on the process followed by a subject in order to solve a
problem than the group norms. More sensitive even than the study of the
accumulat.ve score according to schemata norms is the study of length of
plateaux.

Plateaux are found in that stage of a subject's performance when
he asks either irrelevant questions or relevant questions out of their
proper order. Thus, the length of a plateau is measured by the number
of irrelevant or out-of-order questions selected in sequence. This measure
may be interpreted in several ways. One would simply be an indication of
the subject's lack of progress toward a solution. It might also be a
period in which the subject is reformulating the problem. Likewise, it
could merely represent a type of non-good-directed behavior during which
the subject is groping" for a possible clue. Regardless of the inter-
pretation, the length of plateaux has shown itself to be an effective
measure in the characterization of process.

The study of the convex sets using schemata norms also give clear
information on the process followed by a subject in solving a problem, and
also permits one to compare two groups of subjects.
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